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6 Posterolateral Percutaneous Lumbar Discectomy and Decompression: 

Arthroscopic Microdiscectomy 


Parviz Kambin 


Introduction 

The percutaneous approach to the lumbar interver- 
tebral discs is emerging as an acceptable method of 
treatment for symptom-producing herniated lum- 
bar discs. In contrast to discectomy following 
liaminectomy (31) and microlumbar discectomy 
(27) the spinal canal is not entered during the 
course of percutaneous discectomy. For this par- 
ticular reason the posterolateral percutaneous ap- 
proach has gained broad appeal. 

Currently three basic instruments are available 
for percutaneous lumbar discectomy (PLD). In 
this chapter our experience and the detail of the 
operative technique will be discussed. This will be 
followed by two other approaches, namely bipor- 
tal technique and the use of a straight automated 
nucleoiome. 

Although we have experience with and have 
utilized small caliber instruments in the early 
stages of our clinical work (4, 21), we have 
learned that the larger caliber working sheaths can 
be inserted into the intervertebral disc with relative 
safety. At this state of the art the larger working 
sheath appears to be necessary for accommodation 
of the instruments which are needed to reach 
posteriorly and posterolaterally for the evacuation 
of the offending fragments. 

Percutaneous lumbar discectomy offers a new 
concept and technique in the armamentarium used 
for the treatment of herniated lumbar disc and its 
associated radiculopathy. However, lumbar 
laminectomy continues to be the cornerstone of 
treatment for sequestrated, extruded discs and 
spinal stenosis. (21, 23, 25). 

The dynamic technical evolution both in the 
area of instrumentation and visualization has 
opened a new horizon in the field of percutaneous 
lumbar discectomy. The ongoing efforts and clini- 


cal research on this subject will undoubtedly bring 
about further scientific and technical refinement to 
this operative procedure. 

Preoperative Care and Patient Selection 

When surgical management of a symptoni-prcT 
ducing herniated disc becomes necessary, the phy- 
sician has the responsibility to educate the patient 
on the various surgical modalities which are cur- 
rently available, namely, lumbar laminectoniy, 
microlumbar discectomy, percutaneous lumbar 
discectomy, and chemonucleolysis. 

Although in certain European Centers (32, 33) 
the percutaneous discectomy is being performed 
for the treatment of lumbago and discogenic pain, 
in the United States we have adhered to the criteria 
which was originally developed by the Human 
Experimentation Committee of The Graduate 
Hospital in affiliation with the University of Penn- 
sylvania School of Medicine. Our inclusion 
criteria consist of persistent sciatic pain and failure 
to respond to conservative therapy, the presence of 
neurological deficit or positive correlative electro- 
myogTaphic evaluation, positive tension signs, 
and finally positive correlative CT, MRI, or my- 
elographic findings. 

In recent years, we have been able to depend on 
the combination of CT and MRI studies for the 
localization of the symptom-producing discs. This 
has eliminated the need for myelographic studies 
on a routine basis. The literature is enriched with 
publications related to psychogenic back pain. The 
management of the emotional status of the patients 
with unremitting low back and sciatic pain may be 
as important as the treatment of their organic 
disorders. Although some of the more serious and 
deeply seeded psychiatric disorders of these pa- 
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tients will require specific psychiatric care and 
counseling, in a clinical setting the majority of 
these individuals should be treated by clinicians 
who are involved in their management. 

When possible, the operative surgeon should be 
igiven the opportunity to examine and treat his 
patients conservatively in consultation with the 
referral sources, even if it is for a short period of 
time. It is during this time frame that both the 
surgeon and patient will have the opportunity to 
become acquainted and develop certain mutual 
respect and rapport. We oppose settings where 
surgeons are used as technicians, in particular 
when the diagnosis and treatment plans are made 
by nonsurgeon participants, and the postoperative 
follow-up and management are left in the hands of 
another group of physicians and technicians. 

The nature of proposed operative procedures 
should be discussed, and choices should be re- 
viewed. The possibility of complications of per- 
cutaneous lumbar discectomy as compared to con- 
ventional methods should be addressed. Although 
one should not present an unreal optimistic view 
of the expected results of PLD, certainly a pes- . 
simistic attitude would doom the procedure to 
ultimate failure. ■ . 

We have fou^d that patient-to-patient contact is 
an effective way of teaching patients what to 
expect during the surgery as well as the postopera- 
tive period. Patients feel comfortable discussing 
their pain and difficulties as well as their expected 
rate of recovery. We encourage these individuals 
to participate in sinular communications with our 
future surgical candidates. This informal patient- 
to-patient contact has been helpful in our educa- 
tional programs and has reduced our patients ' level 
of anxiety which is common in most patients 
undergoing spine surgery. 

The role of conservative therapy for the man- 
agement of radicular pain due to a protruded disc 
should not be ignored. The majority of these 
patients do respond to well-planned conservative 
therapy. This treatment should include bed rest, 
nonsteroidal antiinflammatory-drugs or short-term 
steroid therapy. Low^ doses of antidepressant 
medication may be used. Educational programs, 
evaluation of the patient's leveLofjoh.s.atisfaction, .. 
and the alteration or modification of his or her 
activities will certainly affect the final outconrie of 


such treatment. Physical therapy, exercises, and 
perhaps manipulation treatment should be part of 
the therapy. However, one should not get locked 
into a prolonged and unreasonable conservative 
management. Symptoms associated with intra and 
perineural fibrosis, secondary to protracted 
mechanical pressure to the nerve root, may be 
irreversible. The progression or development of a 
neurological deficit necessitates the consideration 
for surgical decompression. 

Finally, the patient*s level of pain tolerance and 
the demand for the use of ndrcotic-based medica- 
tion should affect the timing for the surgical inter- 
vention. The rehabilitation of a drug-dependent 
patient may be much more complicated than the 
slim chance of surgical mishap. Emphasis should 
be placed on the exclusion of individuals with dirug 
ciepfendency. These padents should be enrolled in 
an effective detoxication program prior to their 
surgical management. Individuals with 
psychological disorders » associated with severe 
anxiety and depression, should have careful as- 
sessment and be treated accordingly. Postopera- 
- tive .assessment of individuals involved in . com- 
pensation claims and litigation disputes continue 
to pose serious difficulty in proper patient selec- 
tion for this operative procedure. , 

Limitations and Advantages 

The preoperative diagnostic woricup should be 
directed toward the detection of sequestered discs 
ai^d bony lateral stenosis. When diagnosed, these 
conditions should be treated with a conventional 
laminectomy procedure. The imaging diagnosis of 
sequestration has been addressed in Chapter 3. 
However, the presence of severe radicular pain 
eyen when the patient is at rest, a large size 
herniation occupying more than half of the an- 
teroposterior diameter of the spinal canal, and 
location, shape, and appearance of the extradural 
defect are criteria which are useful in the diagnosis 
of a sequestrated disc (5). Patients with signs and 
symptoms of root compressica due to other 
causes, such as developmental anomalies, primary 
and . metastatic .tump do not require nor will 
respond to discectomy. Individuals with long- 
standing pain and neurological deficits and those 
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with Cauda equina syndrome should also be ex 
eluded. 

The advantages of the percuta approach to 
lumbar discectomy are as follows: there is minimal 
soft ti^s^^^ muscles 
from the spinal processes and laminae, which is 
required in the course of a laminectomy proce- 
dure /poses un4esirab^^^^^ with 
fatigue and backache and demands a lengthy re- 
habilitation and treatment for the restoration of 
fUnctici^^^ discec- 
tomy, the muscles are split and separated with a 
bluni i^timment • w^ dinrdiw^ die above un- 

and perineural fibrosis, due ^^^^^^ 
Sfle neiye 

ing , is not seen when the posterolateral approach is 
jitilized for discectomy. The extrusipn of the nuc- 
lear fragments tluough the annui&^ fenestration 
induced in the course of laminectomy and discec- 
tomy procedure has been a cause for concern. An 
incidence of rehemiation as high as 24% has been 
reported by Atken and Bradford (I). This compli- 
cation is not encountered following percutaneous 
lumbar discectomy. The instability induced by 
zealous bone removal in the course of laminec- 
tomy and 'decompression for posterolateral soft 
tissue stenosis is eliminated. 

Since microlumbar discectomy requires entry 
into the spinal canal , it carries with it the complica- 
tions associated with a laminectomy procedure. In 
our opinion it also poses an additional disadvan- 
tage by not providing adequate posterior decom- 
pression of the spinial canal. A wide bilateral 
hemilaminectomy is useful for the treatment of a 
centra] or wide base disc protrusions. Since the 
development of localized stenosis due to disc 
space narrowing and posterior osteophyte forma- 
tion is not uncommon following disc herniation 
treated by laminectomy, adequate posterior de- 
compression will have a tendency to accommodate 
such stenosis and its associated symptoms post- 
operatively. 

Although the effectiveness of chemonucleoly- 
sis for the treatment of uncomplicated disc protru- 
sion has not been challenged, it is fair to state that 
the enthusiasm for such treatment has been dam- 
pened by increasing incidences of complications 
such as sensitivity reactions, anaphylaxis, chemi- 


cal discitis. rapid disc space narrowing, vascular 
injuries, and severe neurotoxicity ( 13, 39, 47, 48). 
The mechanical decompression of the interverte- 
bral disc eliminates the above concerns. 

Finally, the cost-effectiveness of percutaneous 
lumbar discectom>r has been sigmficant (17). PLD 
can bje perfbrniecl on m basis. 
Nevertheless, some of our patients are hos- 
pitalized overnight for observation and intraven- 
ous antibiotic therapy. All of our patients have 
been able to become ambulatory shortly following 
their operative procedure and required only oral 
pain medication. 


Mechanism of Pain ReUef 

Since the postoperative morbidity of PLD is mini- 
mal, a sudden alteration of the intensity pf sciatic 
pain following the surgery becomes strikingly 
apparent. Currently the decompression of the 
nerve root by the percutaneous approach is being 
accomplished by two different techniques. One is 
aimed toward reduction of the hydrostatic pressure 
of the intervertebral disc. The other represents a 
more aggressived approach, auned not only to- 
ward reduction of intradiscal pressure but also the 
removal of the offending posterolateral nuclear 
fragments. A simple decompression and reduction 
of hydrostatic pressure of the intervertebral disc 
may be achieved by reduction of the nuclear mass 
through a straight probe inserted dorsolaterally. 
The reduction of hydrostatic pressure of the int^- 
vertebral disc may also be secured by venting of 
the annulus. 

The concept of reducing the volume of the 
nucleus f of the treatment of lumbar radiculopathy 
associated with disc protrusion is not new. In the 
course of chemonucleotherapy this goal is 
achieved through the digestion of protoglycone 
core protein of the nucleus (49). The inability of 
chymopapain to digest the coUagenized nuclear 
fragments is held responsible for a number of 
failures associated with this treatment (50, 52). 
Certainly one should have no difficulty in remov- 
ing these fragments by the mechanical means 
which is accomplished during the course of pos- 
terolateral percutaneous lumbar discectomy. 
When a classic lumbar radiculopathy due to hemi- 
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ated nucleus polposus associated with posterola- 
teral fragments is present, the need for more 
sophisticated instruments becomes mandatory. 
. Such additional tools include upbiting forceps, 
backbiting forceps, flexible tip forceps, deflector 
tube, high negative pressure machine, and disco- 
scope.. 

. Reduction of Hydrostatic Pressure of the 
Intervertebral Disc 

It has been demonstrated that the bulge of the 
intervertebral disc changes in size during various 
body positions and following the application of 
external forces. Virgin (53) has shown that the 
vertical height of an intervertebral disc is de- 
creased when the disc is subject to an axial com- 
pression load. Under such a compression load the 
annulus bulges outward. Brown et al. (2) demon- 
strated bulging of the annulus on the side to which 
the spine is flexed. This was associated with 
flattening or even slight concavity on the opposite 
side. Nachemson (34, 35) also reported bulging of 
the annulus underload associated with increased 
intradiscal pressure. Het'has shown that sitting 
increased the intradiscal pressure by 40%, forward 
bending and lifting by 100%, and forward flexion 
and rotation by 400%. 

The data suggest that the reduction and perhaps 
maintaining a low level of intradiscal pressure 
-would be beneficial. In the course of posterolateral 
discectomy such decompression is achieved by the 
production of annular fenestration away from the 
spina canal, therefore reducing the hydrostatic 
pressure of the nucleus. Unfonunately, medica] 
literature does not provide much mformalion on 
this interesting concept. To the best of our know- 
ledge Hult (15) was the first surgeon to promote 
the concept of annular fenestration for the treat- 
ment of herniated disc. He reported relief of both 
low back and sciatic pain in 30 patients following 
the fenestration of the annulus through an open 
retroperitoneal approach, stating "If an anterola- 
teral incision is made in the disc, it should be 
possible to divert the pressure in that direction and 
thereby prevent it from being transmitted poste- 
riorly". 

Markolf et al. (29) were able to demonstrate 


that the annular fenestration in cadavers was as- 
sociated with a marked decrease in compressive 
stiffness and increase in the creep and relaxation 
rate when the segments 3vere exposed to compres- 
sion force. Howerver, the extrusion of the nuclear 
material in young specimens had a tendency to seal 
the surgical lesion, thus resulting in restoration of 
the normal compressive behayior. Most of the 
specimens were obtained from the lower thoracic 
and upper lumbar region. Only one specimen was 
from the interspace between the fourth and fifth 
lumbar segments. One would expect that the older 
discs with a moderate degree of degeneration and 
collagenization of the nucleus will show a differ- 
ent behavior pattern. Certainly the thoroughness 
of discectomy and the application of physiological 
forces, such as flexion, extension, torsion, and 
axial rotation may- alter the outcome of such a 
study. 

Hampton et al. (9) have reported on the healing 
potential of a surgicaUy created defect in the 
annulus of ten dogs. The dogs were sacrificed 
between 3 to 12 weeks following their surgically 
induced annular fenestration. The study demon- 
strated that the defect was eventually filled with a 
solid plug of fibrous structure presumably from the 
peripheral tissue. This study supports our clinical 
observation of CT studies following percutaneous 
discectomy oi laminectomy procedures which 
have failed to demonstrate the path an'd location of 
the intraoperatively induced annular fenestration. 

Intraoperatively, we tested the intradiscal 
pressure of patients prior to and inunediately fol- 
lowing the lateral decompression and discectomy 
(20). Following the introduction of a 4.9-mm 
sheath and prior to fenestration of the annulus by 
the cutting instrument, a 14-gauge needle contain- 
ing a slit catheter was introduced into the center of 
the intervertebral disc. The needle was then with- 
drawn. One half cubic centimeter of normal saline 
solution was injected into the disc space, thus 
creating a liquid media around the tip of the slit 
catheter. -The -catheter was then attached to a 
connecting tube filled with saline solution and a 
pressure transducer. At this point the intradiscal 
pressure was considered to be zero. The pressure 
measuring device was adjusted accordingly. The 
patient was then instructed to extend his hips and 
lift his shoulders to permit extension of the lumbar 
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spine. Intradiscal pressure as then measured and 
recorded. Following the completion of posterola- 
teral decompression and discectomy, the instru- 
ments were removed. The measurement of in- 
tradiscal pressure was again repeated. In this study 
we were able to demonstrate a rapid decline of the 
intradiscal pressure following lateral decompres- 
sion. The mean rise of intradiscal pressure follow- 
ing the extension of the trunk was 181mm of 
mercury. Postoperatively, the pressure dropped to 
a mean level of 19.4 nun Hg. This difference was 
statistically significant (p<0.01). 

Sakamoto et al. (41) demonstrated up to 40% 
decline of intradiscal pressure following PLD pro- 
cedure. The low level of pressure was observed up 
to 21 months postsurgery in individuals who were 
tested. These studies demonstrate that adequate 
annular fenestration with larger instruments and 
evacuation of nuclear material are equally impor- 
tant in maintaining a low level of intradiscal 
pressure. The large windowing of the annulus 
diminishes the chance of early blockage by the 
retained nuclear fragments. However, it is ex- 
pected that within a few weeks the defect is sealed, 
and a low level of hydrostatic pressure of the 
intervertebral disc is restorfel, 



6-1 Disco gram L4'L5 .-cadaveric study^-The-nucleus is 
contained and there is no evidence of extravasation of 
dye. 


Extraction of Posterior Nuclear Fragments 

The anatomical dissection and study of fresh . 
cadavers are helpful in the understanding of 
pathophysiology of a normal and herniated inter- 
vertebral disc. When normal and intact interver- 
tebral discs are injected with a mixture of methy- 
lene blue and renografin-60, one can appreciate 
the maintenance of the integrity of the annulus 
fibers as well as the normal appearance of the 
nucleus (16, 22). The nucleus is centrally located, 
and there is no evidence of extravasation of flie 
injected opaque substance (Fig. 6t1). The 
pathologicaJ examination of these discs also con- 
firms the presence of intact and homogeneous 
appearance of the nucleus and the annular fibers 
(Fig. 6-2). 

- In contrast to the above, when the degenerative 
and protruded discs were injected in the same 
fashion the x-ray study showed the spread of the 
opaqued material between the torn fibers of the 
annulus (Fig. 6-3). Although the extravasation of 
the injected substances to the periannular region of 
the intervertebral disc or the nerve root sleeves is 
uncoihmon, it poses a serious hazard when an 
incompetent disc is injected with chymopapain or 
toxic radiographic agents (28) (Fig. 6-4). 

The pathological examination of the degener- 
ated intervertebral disc (22, 38) reveals thickening 
and irregular appearance of the annular fibers 
associated with both circumferential and radial 
tears (Fig. 6-5). The migration of the nuclear 
material between the torn fibers of the annulus 
may compartmentalize the- nucleus (Fig. 6-6). 
When the fibers of the annulus are only partially 
torn, a gradually developing disc protrusion is 
observed. This is associated with an increased 
anteroposterior and at times the transverse diame- 
ter of the intervertebral di^c. It has been demons- 
trated that there is a direct correlation between the 
narrowing of the intervertebral disc and the size of 
the annular bulge (16, 22). The size of tibe protru- 
sion increases when the disc space is narrowed. 
The degree of the annular protrusion has been 
measured by A/V index of the spinal units* (An-- 
teroposterior diameter of the intervertebral disc 
divided by anteroposterior diameter of the verteb- 
ral plate below the disc space. Fig. 6-7). 
With the advancement of degenerative changes 
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6-2 iSross pathology of the same speciman shown in 
Rgure 6-1 . A normal posteriorly positioned nucleus and 
intact annular fibers are demonstrated. * 


the collagenized nuclear fragments begin to mi- 
grate to the periphery and at times are trapped 
between the torn fibers of annulus, thus producing 
the CT appearance of a global bulge or protrusion 
of the intervertebral disc (Fig. 6-8). When the 
fibers of the annulus are torn and most of its 
supportive function is eliminated j'one can observe 
a classical radiographic appear^ce of sub- 
ligamentous disc herniation. The CT study in this 
group of patients demonstrates a sudden abrupt 
soft tissue mass at the herniation site (Fig. 6-9). A 
small tear of the annulus may allow die expulsion 
of the nuclear material under the posterior lon- 
gitudinal ligamentum or its lateral expansion, thus 
creating a narrow isthmus between the herniation 
site and the remaindei of the nucleus (Fig. 
6-10). The presence ot the isthmus poses s serious 
difficulty for ample extraction of the posterior 
subligamentous disc material, particularly when a 
straight instrument is being utilized. 

These data support the notion that the evacua- 
tion of-the huclestt^material from-thecenterof the 
latter herniated discs is not possible. An attempt 
should be made to reach posteriorly to thin out the 
p^ially torn annular fibers, thus allowing the 
removal of the nuclear frajgments or facilitating 
their central migration. 


e-3 Discogram L4-L6 in a 50-year-old male. Cadaveric 
study. The torn annular fibers have allowed the peripheral 
extravasation of this opaque material. 



^ Cadaveric study. The injected mixture of methylene 
blue^d opaque-material has penetrated tbe dural sheath, 
around the nerve root in a retrograde fashion. 
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6-10 Cadaveric study. The torn inverted annular fibers 
are connecting the two compartments of the nucleus via a 
narrow isthmus. 
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Needle Insertion 

The proper insertion and positioning of the needle 
is the most important initial step in a satisfactory 
completion of posterolateral percutaneous lumbar 
discectomy. This, technique permits precisional 
introduction of the subsequent inistruments. It also 
allows the cannulated trocar and the inserted 
sheath tp follow the exact path of the anesthetic 
column . The insertion of a blunt trocar without the 
guide wire increases the chance of soft tissue 
injury and the development of psoas hematoma. 

With the patient in a prone position the C-arm is 
maneuvered to provide a true lateral image of the 
lower lumbar segments and the sacrum. The vis- 
ualization of the sacrum will assure the proper 
. :.^^ounting.and correct selection of the surgical site. 
The point of entry is approximately 10 cm from the 
midline. In obese patients with abundant sub- 
cutaneous adipose tissue a further distance from 
the midline may have to be chosen. We prefer to 
introduce the instruments from the symptomatic 
side. If right sciatic pain is present the needle is 
inserted 10 cm from the midline on the right side of 
the patient and vice versa. A preoperative abdomi- 
nal CT through the herniation site allows the 
surgeon to select thiei p6int of entry, thus avoiding a 
far lateral insertion which may violate the abdomi- 
nal cavity (Fig. 6-11). One has to make certain that 
the instruments are well placed in the sacros- 
pinalis, quadraitus lumbrum, and psoas major 



6-1 1 Preoperative abdominal CT demonstrates the de- 
sirable angle of introduction of the needle from a distance 
of 10 cm from the midline. 


muscles (Fig. 6-12). The angle of the needle 
insertion in reference to the horizontal plane may. 
be measured from the same abdominal CT. When 
the needle is inserted too close to the midline it 
directs the open end of the subsequently intro- 
duced working sheath somewhat laterally. How- 
ever, when the point of entry is approximately 10 , 
cm from the midline the distal extrernity of the 
sheath is pointed medially and posteriorly. This 
allows better access to the posterior half of the 
intervertebral disc. 

During the needle insertion the surgeon should 
rely on eye-hand coordination (25). As soon as the 
tip of the inserted needle meets with resistance, it 
should be viewed in the lateral x-ray projection. If 
posterior positioning is demonstrated, the needle 
is then withdrawn and reinserted in ^ increased 
angle in reference to the horizontal plane (Fig. 6- 
13). In contrast, if no resistance is encountered 
following several centimeters of penetration, the 
position should be checked again in the lateral 
view. The failure to meet with resistance is most 
likely due to a vertical insertion and should be 
corrected accordingly (Fig. iS-14). 

If the preoperative abdominal CT through the ; 
herniated $ite has not been obtained and the angle . 
for the introduction of the needle has not been 
determined, it is always safer to stan with a lesser 
angle than a vertical insertion. Ideally, one would 
like to view the tip of the needle in the lateral x-ray 
projection at the^pojterolateral corner of ibe inter- 


Erector Spinalis 



6*12 Cross-section of the surgical site. 
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6-13 Incorrect horizontal introduction of the needle. 6-14 Incorrect vertical introduction of the needle. 



6-1 S__lnteroperative C-arm imaging In the lateral projec- 6-16 The AP projection of (he needle, insertion shown in 
tion. The tip of the needlels seen on posterior t)order of Figure 6-1 5. The tip of the needle is viewed in alignment 
the intervertebral disc. with a line drawn at midpart of the pedlcte of the supeftor 

and Inferior vertebrae. 
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6-17 Anatomical spectman shoWing the departure of the 
spinal nerve from the foramina, its deisceht and position 
anterior to the transverse process. 


vertebraJ disc X)r slightly ainterior to it (Fig. 6-15). 
The visualizanon of the needle tip in the AP 
projection is as important as it is in the lateral 
view. The tip of the needle should be placed just 
"lateral to the proximal articular process of the 
inferior vertebrae. Thus, in the AP projection the 
tip of the needle is viewed in alignment with the 
midportion of the pedicles or slightly lateral to it 
(Fig. 6-16), 

As soon as the spinal nerve departs from the 
foramina, it moves anteriorly, distally, and lalei- 
ally. It is then positioned anterior to the transverse 
process within the fibers of psoas muscle (Fig. 6- 
17 ind 6-18). In the absence of degenerative 
changes of the facets joints and posterior os- 
teophytosis there is some mobility of the spinal, 
nerve at this region. Only the origin of the spinal, 
nerve which is extended from the foramina across 
the annulus to the superior border of the transverse 
process is subject to penetration and injury. 

Generally, there is ample space in the triangular 
working zone (18, 20, 25) for the introduction of 
the instruments. The triangular working zone is 



6-18 Another view of spedman shown in Figure 6-17. 
The psoas musde fibers are seen between the spinal 
nen/e and the annulus. 



6-19 The solid circle shows the correct position of the tip 
of the needle in the triangular working zone (proximal 
vertebral plate inf enorfy. the articular process of the k>wer 
segment posteriorly, and the spinal nerve anteriorly). 
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bordered by the proximal vertebral plate of the 
lower lumbar segment inferiorly, the proximal 
articular process of the lower segment posteriorly, 
and the spinal nerve anteriorly (Fig. 6-19). Due to 
anatomical variation one may encounter contact 
with the spinal nerve while attempting to achieve 
the above positioning. In this event the needle may 
have to be relocated more anteriorly. When if is 
possible the needle should be inserted parallel to 
the venebral plates in order to prevent contact 
between the inserted instruments and the vertebral 
plates, thus providing better access to the interver- 
tebral disc and the herniated site. 


Annular Fenestration 

Currently the,entry into theinteD^ertebral discs for 
the introduction of the >yorking sheath and instru- 
ments is accomplished by two methods: gradual 
dilatation or a one-step entry utilizing the circular 
cutting instruments. In the gradual dilatation 
method (42/43, 51) first a spinal needle with a 
removable hub is introduced dorsolaterally into 
the annuJus. This step is followed by the introduc- 
tion of several larger tubes which ar^e insen^ in 
succession (Fig. 6 20). 



6-20 The gradual dilatation of the annulus over the 
inserted needle. 


This method appears to have two distinct disad- 
vantages. The introduction of the larger cannula. -, 
into an intact annulus particularly in a young 
subject is rather difficult, and it may cause the 
migration of the smaller inner cannula and its entry 
into the abdominal cavity. This system also will ' 
have a tendency to position the opeii end of the 
working sheath at the center of the disc during the 
inception of the procedure. From the center of the 
disc it is rather difficult to reach the posterior 
fragments. In contrast, when the annulus is win- 
~dowed;~aS"the-work^^ 

outer surface of the annulus, the surgeon has the 


capability of reaching and: evacuating such frag- 
ments adjacent to the open extremity of the in- 
serted sheath on the dorsolateral aspect of the 
intervertebral disc adjacent to the herniation site. 
This step is followed by gradual engagement of the 
cannula into the annulus, thus allowing further 
evacuation with the straight and curved forceps. 

The size of the annular fenestration appears to 
be an important factor affecting the final outcome 
of percutaneous lumbar discectomy. Such an 
opening may allow the continuous decompression 
and reduction of the posterior nuclear fragments 
following die termination of the PLD procedure. 
For this reason, the circular fenestration of the 
annulus is preferred. 

There has been legitimate concern among spi- 
nal surgeons about the feasibility of the introduc- 
tion of large instruments through the posterolateral 
approach. The fear of causing neural injury has 
encouraged the development and utUization of 
small caliber automated instruments (37) which 
allow only the cannulization and minimal central 
evacuation of the intervertebral disc. There is no 
foundation for such conservadsm. The anatomical 
sfudies conducted in our center (20) and a subse- 
q\??flt AQ^dy by Ste^ (44, 45) have demon- 
strated that there is ample space in the previously 
described triangular woricing zone which can ac- 
commodaie larger instruments up to 8 to 9 mm in 
diameter. 

The-larger fenestration of the annulus not only 
^U?^? the j:ontinuou5 decompression but it also 
provides room for the introduction of the special 
instruments which are necessary for adequate 
evacuation ^Originally we were using a 2.5-mm 
cuttinf instrument to penetrate the annulus. As wc 
gained experience:, we were able to introduce 
larger^diameter-instfuments with relative safety. 
Although the small caliber sheath and cutting 
instruments are still available, we rarely find them 
necessary or useful. 

At the present time we are utilizing a cutting 
instrument with an outer diameter of 4.5 mm. 
However, the majority of narrowed disc spaces 
which dp not allow the introduction^ of the 
4.S-mm cutter most often demonstrate posterior 
and posterolateral osteophytosis and are not a 
proper choice for percutaineous lumbar discec- 
tomy. 
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The fenestration of the annulus is usually as- 
sociated with some pain and discomfort which 
may require the systemic use of analgesics by the 
anesthesiologist. The pain arising from this step of 
the operation is attributed either to pain receptor 
nerve fibers in the expansion of the posterior 
longitudinal ligamentum or is due to the increase 
of intradiscal pressure when the surgeon applies 
pressure on the annulus. The reproduction of the 
patient's sciatic pain when the annulus is compres- 
sed by the blunt trocar may have diagnostic valid- 
ity. The compression of the annulus of a normal 
intervertebral disc with a blunt end instrument 
should not cause radicular pain. 

For a rapid fenestration of the annulus and the 
reduction of intradiscal pressure the surgeon 
should stairt with the small cutting instrument 
whiqh is; tihen followed with the 4.5 circular cutter. 

How to Avoid Spinal Nerve Injury 

Entrapment of the spinal nerve under the inserted 
sheath is unlikely and is extremely painful. With 
an apprehensive patient the surgeon should first 
evaluate the position of the sheath via C-arm 
imaging to make certain that the distal extremity of 
the working sheath is correctly positioned in both 
the AP and lateral projection. 

A simple needle testing is useful not only for 
centering the sheath on the annulus but to make 
certain that the spinal nerve is not in the path of the 
inserted sheath. A sharp needle is used, and the 
annulus is perforated repeatedly. In the absence of 
nerve root entrapment the tip of the needle will 
enter the annulus with no major pain or disconn- 
Ion. In contrast, if the nerve is in the patti of the 
sheath the patient will experience servere radicular 
pain. 

The direct visualization of the annulus with the 
discoscope is extremely helpful, particularly with 
patients of a low^pais threshold. While the surgeon 
is holding the sheath against the annulus the 0- or 
30 -angle scope is introduced. The suction irriga- 
tion system is^^stablished in a routine, fashion. In 
the absence of nerve entrapment the annulus has a: 
smooth homogenous appearance; however, at 
tiniesr-superficial- veins cfossing-its-surfaee-are 
seen (see Operative Technique page 85). . 


Finally the pattern of distribution of the radicu- 
lar pain as expressed by the patient assists the 
surgeon to rule out nerve root entrapment. The 
dermatomal distribution of radicular pain arising 
from the L5 root compression secondary to herni- 
ated disc at L4-LS differs from the irritation of the 
L4 spinal nerve which may have been impinged by 
the instruments inserted dorsolaterally into L4-L5 
intervertebral disc in the course of percutaneous 
discectomy. 


Evacuation 

The principles which have been practiced for disc 
extraction following a laminectomy procedure are 
applicable to percutaneous lumbar discectomy. 
The effectiveness of central evacuation is thought ^ 
to be secondary to the reduction of volupie of 
nucleus, which in turn may cause the reduction of 
the herniation and ultimately the relief of sciatic 
pain. The central decompression of an interverte- 
bral disc is rather simple. It is achieved by the 
introduction of a straight tube into the center of the 
disc space . The removal of nuclear material is then 
achieved either with forceps or an automated in- 
strument (10-12, 37). 

The challenge of posterolateral percutaneous 
discectomy lies in the capability of reaching pos- 
teriorly and evacuating the offending nuclear frag- 
ments. The evacuation of the nucleus is not com- 
plete without an attempt by the operative surgeon 
to remove the posteriorly lodged fragments. Occa- 
sionally, the partially torn aimular fibers must be 
thinned out by angled forceps. Then, the frag- 
ments arf pulled in by forced suction and angled 
1 creeps , 

The deflector tube allows approximately 40 ® of 
angulation of the distal extremity of the flexible 
forceps. As the deflector tube is advanced or 
partially withdrawn, the various parts of Ae an- 
nulus, consisting of right and left posterolateral 
and midline protrusions, are reached and evacu- 
ated. Ring curets also are available and should be 
used to free the loose fragments. 

The design of the instruments permits only 2 cm 
of penetration of the instruments behind the tip of 
-the^nserted sheathT^-Invariablyy-it-is desirable to 
advance the sheath into the annulus to achieve 
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better central and peripheral evacuation. Great 
care should be exercised not to remove or disturb 
the intact anterior or lateral annular structures. 
Such a practice will cause a more rapid narrowing 
and the collapse of the height of the intervertebral 
disc. 


Negative Pressure 

In our early clinical research we have reported the 
potential benefit of forced suction in the field of 
percutaneous lumbar discectomy (21). Such nega- 
tive pressure is capable of bringing the loose 
hucleir material into the path of the inserted sheath 
and facilitates their evacuation. Our original 
cadaiveric studies gave us confidence in the safety 
- Of the introduction of high negative pressure mto 
the intervertebral disc. Our subsequent utilization 
of negtive pressure,, as high as 29 inches of mer- 
cury in more thian 150 patients, has proven its 
safety and usefulness. 

The wall suctions, which are available in the 
operating room , do not produce adequate negative 
pressure in the intervertebral disc. We have em- 
ployed a SO-cc syringe to create high negative 
pressure. Currently, we are working with negative 
pressure pumps which are used in liposuction 
procedures. 

C-Arm Imaging 

Precise visualization of the lumbar segments and 
the intervenebral discs with the C-arm is essential . 
In order to view the intervertebral discs in the 
lateral projection the x-ray beams should be di- 
rected parallel to the vertebral plates. In the AP 
view it is important to make certain that the spinal 
process is in the midline and pedicles are well- 
visualized and symmetrical. With an obese pa- 
tient, one" may have difficulty visualizing the 
lower lumbar segments. These particular patients 
should be seen in the Radiology Department prior 

- to surgery to make sure that the intraoperative 

fluoroscopy is possible. 

One should make certain that the draping of the 
C^Sm will iSbt iiSeffefe witlTits rotafion" and will 
allow reproducible imaging throughout the 


surgery. Sterile plastic sheaths are now available 
and can be used for draping. 

Positioning of the Patient 

Percutaneous lumbar discectomy. can be per- 
formed with the patient either in a prone or lateral 
position (11. 12). Surgeons who have performed 
chemonucleotherapy in the lateral position may 
feel more comfortable with side positioning . How- 
ever, we have abandoned the lateral positioning 
for three reasons. Patients appear to be more 
secure in the prone position. If they rotate or move 
their trunk, the repositioning takes place automati- 
cally as the patient relaxes. To secure the patient in 
a side position is more time-consuming than the 
prone. Finally, when the biportal approadi is 
desired for a discoscopy or arthrodesis, the patient 
must be maintained in the prone position. 

One may utilize rolled sheets on the side of the 
patient. The rolls are extended from the iliac crest 
to the side of the chest wall. The disadvantage of 
the rolled sheets is that it dpes not provide ade- 
quate flexioii and flattening of the lumbar spine» 
which is of great importance .for L5-S1 discec- 
tomy. Furthermore, the Sheets are unstable and 
invariably roll out from under the patient. Adjust- 
able radiolucent frames are now available. They 
provide adequate flexion of the hip joints while 
reducing the pressure on the abdominal cavity 
(Rg. 6-21). The maximum height of the bolst^ at 
the midportion is 7 inchcfs; and it gradually tapers 
down to 2/2 inches. 

It is desirable to keep the patient's flexed knees 
slightly off the table top. This provides slight 
traction and tilt ol tlie pelvis by flexing the OR 
table just distal to the lower extremity of the 
adjustable frame. This is of particular imix>itance 
when attempting L5-S 1 discectomy. A slight tilt of 
the pelvis to the side while the patient is in prone 
position-is also possible, ^e-latter is-helpful in 
clearing the iliac crest away from die path of Ae 
inserted instmments. 

^ The majority of operating rooms-are equipped 
with radiolucent tables. The radiolucent exten- 
sions, which are attached to the operating room 
tables, areaiso available-Up^to^datefracture tab- 
les are suitable for percutaneous discectomy. 


80 


u ruMCiuiaiciai r i^i^ aiiu i^comprcssiuil 



6-21 Adjustable radiolucent frame allows the reduction 
of the lumbar lordosis and diminishes the pressure on the 
atKJomen. 

When the patient is pfope^rly positioned, th^ table 
is tilted to bring the lumbar spine of the patient into 
a horizontal plane . This allows proper C-arm im^ 
-aging. 


Preoperative Imaging 

Plane radiographic evaluation of ilie lumbal spine 
is helpful in both diagnosis and surgical planning 
of patients with herniated lumbar discs. In most 
instances a limited screening x-ray study in AP and 
lateral projection is adequate . If there is a question 

of <4necbaQieal -instabili^r the dynamic-x-rays in 

flexion and extension and also side bending views 
should-be obtained. The determination of accessi- 
bility of a given intervertebral disc to the per- 
cutaneous posterolateral discectomy is important 
in the preoperative planning particularly when 
-fittemptin^tS-S-l-di^eectomyr^ oth AP^^ 
x-ray films will provide information in this regard. 


^22 AP x^ray of the pelvis showing a prominent iliac 
spine and acute angle between the medial extremity of the 
iliac crest and the proximal plate of the sacrum. 


An attempt should be made to keep the iliac 
crests on the same plane when exposing a lateral x- 
ray film from the lumbosiacral articulation. In most 
instances the iliac crest is in alignment with the L4- 

--L5 disc interspace. Generally when the iliac crest 
is above the L4-L5 disc, the access to and evacua- 
tion of a herniated disc at L5-S1 are difficult. The 
shape of the iliac crest as visualized in the AP x-ray 
projection provides more specific information re- 
garding the approachability of L5-S1 disc. The 
evacuation of the L5-S1 discs in iiidiyiduals with a 
prominent iliac spine who demonstrate an acute 
angle between the medial extremity of the iliac 
crest and proximal plate of the sacrum is usually 
difficult (Fig, 6-22). In contrast, when the iliac 
-ctiest is rather flat and the above angle is reduced 
one has less difficulty approaching the L5-S1 
intervertebral disc (Fig: 6r23). When the patient 
has an unusually wide transverse process of L5 in 
conjunction with a high iliac crest, the introduc- 

-tton of the instruments-io-t5=-Sl becomes more 
cumbersome. 
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6-23 AP x-ray of the pelyis as in Figure 6-22. The iliac 
crest is at the level of L4-L5 disc space; however, the iliac 
spine is less prominent 


The plane radiographs shc^uld alsQ be examined 
for detection of deyelopmerital abnormalities and 
bone lesions. The narrowing of a single interver- 
tebral disc and the presence of posterior osteophy- 
tes which correlates with the patient's dermatomal 
radicular pain and the neurological fmdings are 
suggestive of spinal stenosis and bulging disc 
which may be responsible for the patient's symp- 
toms. ^ . . 


MRl, CT, and Myelography 

At this state of the art the MRI is the most useful 
initial screening test prior to surgical intervention. 
The noninvasive nature of this study as well as the 
wealth of information-that it-provides have made it 
quite appealing- to both patient and physician. 
When a better visualization of the herniated sight 
in axiaTprojection is desireid, the CT study-from 
the suspected level will provide additional needed 
information prior to the surgical intervention. The 
MRI is rapidly -eliminating the need for-routine 
preoperative myelography for diagnostic pur- 
poses. 


Selective Discography and Pain Provocative 
Testing 

Lindblom (26) is credited-with the introduction of 
. discography as a tool for the diagnosis of painful 
disc syndrome. The necessity and reliability of 
discography have been controversial in both the 
diagnosis and treatment of low back pain with or 
without radiculopathy. The literature is enriched 
with both favorable (3,8, 36, 46) as well as critical 
reports (6, 14) on this subjecL 

In recent years advanced technology such as 
MR imaging and CT discography has enhanced 
our capability of visualizing the internal structures 
of the intervertebral disc. The CTand MR study of 
the lumbar spine has enabled us to diagnose the 
lateral stenosis as well as foraminal and the ex^ 
traforaminal disc herniations which was not poss- 
ible with the conunonly used myelographic evalu- 
ation. The significant contribution of these diag- 
nostic tools also has created unavoidable confu- 
sion which has added further burden in decision 
making as related to the detection of the symptom- 
producing site. The abnormal extradural soft tis- 
sue prominences are often present and reported in 
multiple levels. The terms of bulging annulus, 
bulging disc, herniated disc, protruded disc, etc. 
are used interchangeably by radiologists to de- 
scribe these fmdings and therefore recommending 
further clinical correlation. Unfortunately due to 
anatomical variation, the accurate diagnosis of the 
exact level of lumbar root compression by the 
clinical examination even when the neurological 
deficit is present is not always possible. The clini- 
cal invariably is in need of additional objective 
suppon 10 subsiaritiaie his clinical judgement and 
his surgical management. Under these circumstan- 
ces, selective discography and disc expansion test- 
ing may provide valuable information. However, 
in a great majority of patients one should be able to 
-enter-into.ah accurate diagnosisj)fjfae level of root 
compression utilizing the clinical findings and the 
available technology, namely, MRI, GT, and my- 
elography. A^routine indiscriminate discography 
on multiple levels when the above studies have 
been negative is uninformative and rarely neces- 

-sary. 

The information that is obtained in the course of 
discography, namely, the amount of fluid which is 
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accepted by a given disc, the radiographic appear- 
ance, and the pain reproduction are reported to be 
helpful in isolating the pain-producing interverteb- 
f ral discs. The pressure under which the normal 

I saline or opaque material is injected into the disc 

f also may affect the radiographic appearance of the 

3 study (19). An intact intervertebral disc is capable 

r of withstanding a considerable amount of internal 

J load. However, a degenerated and partially torn 

J annulus may be furtherdamaged or ruptured under 

undue pressure. The radiographic appearance of 
s the normal and abnormal discograms with or with- 

d out an accompanying CT evaluation as well as the 

s classification of CT discography has been well- 

if described (30, 40). The MR imaging also has been 

e helpful in the diajgnosis of degenerative changes of 

the intervertebral disc and the annular insuffi- 
ciency. The pifiir'^r^roduced following discogra- 
I- phy or disc distention testing remains the unique 

r. property of this study. When the pain reproduction 

I- is associated with an abnormal discogram, CT or 

n MRI study, the diagnosis of the symptom-produc- 

I- ing level becomes more evident, 

MacMillan et al. (28) p^ 
n discograms in 21 randomly selected fresh cadav- 


ers. The Jumbar segments were then removed, 
dissected and studied.. It was demonstrated that 
leakage of the injected fluid to the periannular 
region was not uncommon. Fifteen of the above 


o intervertebral discs were incompetent. Although 
le thick adhesions between the posterior longitudinal 
le ligament and posterior dura were observed (Fig. 
al 6-24), none of the specimens showed the extra- 
i- vasation of the dye into the subarachnoid space 
e through this route. The most common path of 
d coTTiTTiunication was lateral to the posterior Ion- 
1- gitudinaJ ligament into the epidural space. The 
t- injected agent descended around the spinal nerve 
r, in three instances; it penetrated the dural sleeve of 
CO the nerve root in retrograde fashion in one (Fig. 
Dt 6-4) . It was concluded that a significant risk exists 
le when neurotoxic material is injected into an in- 
/• ; competentintervertebrd-disc. Suc^^ 
ly come in contact with the neural tissue or on a rare 
4t occasion extravasatioiTto the subarachnoid space- 
s' may occur. When performing discography, one 
should consider less toxic radiopaque agents 
yf "wITicff aie"nbw^avS[n 

is nation. The pain experienced during or following 



6-24 Cadaveric study showing adhesibh between the 
posterior dura and posterior iongitudinal ligament 


injection of the neurotoxic material into an incom- 
petent iniervenebral disc can be explained on the 
basis of irritation of one or more nerve roots. Thus, 
the^iagnos^ic vd^^ of pain reproduction during 
discography in the setting of an incompetent disc 
remains questionable. However, recreation of 
symptomatic pain produced by injection of a disc 
proven competent by discography remains a sig- 
nificant contribution of discography in the diag- 
nosis ol painful disc syndrome. 

Our indications for selective discography and 
disc distention testing are as follows: 

1. Inability to secure MRI, CT, or myelography 
or when the studies are not optimal or obtain- 
able due to excessive obesity, allergies, claus- 
trophobia, or metallic implants 

2. Equivocal radiological report of findings 
which understates or overdescribes the find- 
ings in multiple levels 

3. The evaluation of the intervertebral disc adja- 
cem"to"the~s"egfsent"whic 

tion for fusion 
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• 4. The determination of an annular or ligament- 
ous tear following trauma in a young individual 
who exhibited persistent pain, rigidity, and 
limitation of mobility and has failed conserva- 
tive therapy 

5. Diagnosis of sequestration in geographic areas 
where adequate MR or CT imaging is not 
available 


Instruments 

The arsenals of instrumentation for percutaneous 
lumbar discectomy have been growing rapidly. 
However, our basic manual instruments have con- 
tinued to be effective and useful. 


Standard Manual Instruments 

The available spinal kit (Fig. 6-25) contains the 
fdllovi^ihg: an I8-gauge spinal needle which is 5 
inches in length, Kirschner wire, cannulated trocar 
with an external diameter of 4.5 ram and a length 
of 19 cm, working sheath with an external diame- 
tisr of 6.5 mm and an internal diameter of 4.9 mm 
and a length of 16 cm, and two sizes of circular 
cutting instruments having 3-r and 4.5-mm cutting 
ends. 

The length of the cutting instruments are 18 cm, 
thus allowing only 2 cm of peneto^^^ the 
intervertebral disc as the working sheath rests 
against Ae annulus. The cutting instruments have 
a permanently attached Luer Lok fitting which. acts 
as a handle when attempting entry into the inter- 
vertebral disc. This can also be used for the intro- 
duction of forced suction in the course o$ the 
surgical procedure. A deflector tube is also pro- 
vided and has a reniovable Luer Lok fitting which 
can be used for inSoduction of negative pressure 
directed posteriorly. The collar of the deflector 
tubTisniSked to indicate the 
"end of the instrument when it is fully inserted into 
thcTworking sheath. A flexible tip forceps which is 
— used in conjunction with the deflector tube allows 
40 ° dorsal angulation following its full insertion 
(Fig. 6-26). Two straight forceps widi 3-mm and 
4-mm cups ana"airangle76rceps with"ar2-mm ctip 
are also part of the basic instrument set. The design 



6^25 Spinal kil from I6fl to right: 18-gti^e ^MnaJ needle^ 
guide wire, cannulated trocar, working sheath wfth the 
attached adaptor, small circular cutter, large drcuiar cut- 
ter, deflector tube and flexible forceps, curel, upbiting 
forceps, straight forceps, syringe and Xylocalne solution. 
Top shows goniometer. 



&*2i The deflector tube and flexible tip forceps/. 


of the instruments does not permit more than 2 ca 
penetration beyond the open end of the working 
sheath for safety purposes, the flexible tiip forcep 
is longer and should be used only in conjunctioi 
with the defector tube. Ring carets, backbitinj 
forceps, and magnetic retrieval rods are also cui 
rently available. 
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Auxiliary Instruments 

Power cutting instruments which are currently 
used in the course of surgical arihrosco )y have 
been modified for disc extraction (Figs. ( -27 and 
6-28). These instruments allow the simu taneous 
cutting, irrigation, and extraction of the nuclear 
fragments. They allow more rapid withd awal of 
the nuclear material than the manual instruments. 



6-27 The distal extremity of powered cutting trstrument 



6-28^ Top: Suction punch forceps. Bottom 
right: iB-gauge needle, guide wire, cannula^ed 
woridng sheath, the intemal sheath for 
utilization of simultaneous cutting and irrigatic^ 
various angle discoscbpe, three cutting 
handle for powered blades. 


ffom left to 
trocar, 
or 

system, 
instruments, 


discoscopy 


A drop lock adaptor which fits snugly to the end 
of the working sheath has to be utilized in conjunc- 
tion with the power cutting instruments. The in- 
flow of saline solution is provided by a valve on 
the drop lock adaptor. The severed pieces of the 
nuclear material are irrigated and removed dirough 
the space provided inside the tube of the cutting 
blade and collected. Minimal negative pressure is 
required when powered instruments are used. Var- 
ious shapes of cutting instruments axe available. 
However, the full radius blade is most commonly 
used. The automated instruments are most useful 
for rapid evacuation of the nuclear material in 
young individuals. However, in older discs where 
the collagenization of the nucleus has taken place 
it may be necessary to use the manual tools for the 
extraction of such fragments. 


Discoscope 

Biportal discoscopy has been advocated and de- 
scribed by Schreiber et al, (42» 43). Although such 
an approach may be useful and necessary for the 
purpose of performing percutaneous interbody fu- 
sion, we. feeKthat it increases the operative time, 
radiation exposure, the possibility for complica- 
tions, iand overall morbidity of the procedure. 

We have used discoscopy intermittently with 
our manual and power-driven instruments through 
a single port. Our prototype uniportal discoscope 
provides for the inflow and outflow of normal 
saline solution through the same assembly which 
fits inside of the working sheath and the drop lock 
adaptor With the availability of newer flexible 
small caliber fiberoptics, further improvement 
in GUI exisDnf working scope is anticipated, and 
its common use foi discectomy may become a 
reality. 


Operative Technique ~ 

To diminish the chance of infection and its serious 
consequences the percutaneous discectomy should^ 
be performed in the operating room under a strict 
sterile environment. We use a prophylactic anti- 
biotic for 24 hours in all of our-patients ; -The-first 
dose is given in the operating room prior to the 
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surgery. This is followed by two additional doses 
provided every eight hours. 

Our preference is to perform this ;>rocedure 
with the patient in the prone position. When the 
patient is in the lateral position, any movement or 
rotation of the trunk will alter the ability to obtain a 
reproducible x-ray imaging. However, proper re- 
positioning of the patient is done with ^ase when 
the patient is placed in the prone. 

TTie patient is placed in a radiolucent adjustable 
franie which provides for freedom of thi t abdomen 
and flattens the lumbosacral angle (Fig. S-21). The 
proper positioning is of particular impi)rtance for 
the L5-S 1 disc extraction. The C-arm is positioned 
and covered by sterile plastic or cloth iheet. One 
should make certain that the sterile cover will not 
interfere with the free rotation of the C-arm. For 
better visualization of the L5-S 1 disc sp icei slight 
tilt of the Oarm may be necessary. The skin 
preparation and-draping is similar to any open 
procedure. Care should be exercised rot to place 
metallic clips in the path of the surgi< al site. 

The iliac crest and spinal processes arc iden- 
tified and marked accordingly. In most individuals 
oiie can palpate the lateral extension of i he paraspi- 
nal muscles as a reference point prior to the needle 
insertion. The desirable site for the needle inser- 
tion may be predertermined by CT stidy prior to 
the surgery (Fig. 6-11). By placing a metallic 
marker on the skin and floroscopic control the 
relation of the iliac crest to the surgicj 1 site in the 
anteroposterior projection is then identified. . 

The intraoperative communication vith the pa- 
tient is essential. The patients should mt be heav- 
ily sedated nor should general anesthesia be 
utilized. Skin, subcutaneous tissue, fascia, and 
muscle layers are infiltrated with 1% Xylocaine 
solution. To diminish muscular bleeding, the Xy- 
locaine solution containing epinephrine is injected 
into the muscle layers. In order to prevent an 
anesthetic block of the spinal nerve and the de- 
velopment of neural injury by the ins jrted instru- 
ments, one should avoid the periannilar infiltra- 
tion of the local anesthetics: 

The 18-gauge needle is then inserted from a 
distance of approximately 9 or 10 cm from the 
midline and directed toward the aimulus. The 
proper positioning of the tip of the needle prior to 
its insertion into the annular fiber; should be 



6-29 (a) Incorrect position of the needle, (b) Correct 

position. 


documented radiographically. The assessment of 
the correct position of the tip of the needle in the 
triangulai working zone by floroscopic examina- 
tion when the needle has been introduced into the 
annular fibers is rather difficult. When Ac needle 
is properly positioned its tip is seen in the lateral 
view adjacent to the posterior border of the disc 
space or slightly lateral to it. In the AP projection 
the tip of the needle should be visualized on the 
line oi slightly lateral to the line which is drs^wB 
between the midpart of the pedicles of tfit verte- 
brae above and below the disc space (Figs. 6-15 
and 6-16). At times one can use an unacceptable 
inserted needle as a guide for the introduction of 
the next needle (Fig. 6-29). 

At this time the stylet of the needle is withdrawn 
and replaced by a guide wire . In order to secure die 
wire and prevent it from becoming dislodged when 
the needle is being extracted, the tip of the wire is 
engaged in the annular fibers for a distance of 4 to 
5 mm. The removal of the needle is accomplished 
by^a^lowTOtary movemeirtrthus leaving the guide 
wire in position. A small incision is made around 
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6-30 The Introduction of the cannulated 
guide wire. 


tr xar over the 


the guide wire to allow the introduction of the 
larger instruments , The cannulated troc ar is placed 
over the wire and directed toward the ar Jiulus (Fig. 
6-30) with a firm rotary movement. The trocar 

follows the column of previously injected local 
anesthetics with precision. A right-handed su^ 
geon should maintaiii downward pressure oi lin 
cannulated trocar with the left hand while using the 
right hand to rotate and further advance \ the instru- 
ment. A certain amount of resistance is encoun- 
tered when the trocar is being passed i hrough the 
fascia. 

It is advisable to disengage the tip cf the guide 
wire from the annulus or withdraw it as soon as the 
direction and position of the cannulat( d trocar in 
the paraspinal muscles is firmly estallished. In- 
evitably at times the trocar is angulate( while it is 
being inserted, and therefore it does no follow the 
exact path of the inserted guide wire. : ji this case 


the inserted trocar will cause the wire to bend or 
even break, thus creating difficulty for its extrac- 
tion. 

When the needle is properly inserted the fixa- 
tion of the spinal nerve against the annulus by the 
inserted guide wire is rare, and the surgeon is 
alerted by the strong protest of pain by the patient. 
In this event the withdrawal of the guide wire prior 
to full insertion of the cannulated trocar as de- 
scribed above will allow the blunt end of the trocar 
to bypass the spinal nerve and attain its proper 
position on the annulus (Fig. 6-31). 

i?^?^^^ ^^^^ with an internal 

diiameter of 4:9 mm iis ittin bvcr the 

cannulated trocar and directed toward the annulus. 
We have abandoned the use of smaller or larger 
caliber working sheaths for routine discectomies. 
The inserted trocar should be held firmly agaiiist 
the annulus and not withdrawn until the woridng 
sheath is fully inserted and its correct position is 
docun^ented radiographically. When the sheath is 
fully inserted the round end of the trocar is no 
longer seen in the AP and lateral floroscopic 
examination. Since there is a 3 cm differena 
between the length of the inserted sheath and the 
trocar, the surgeon is able to determine whether or ' 
not the sheath has been fully inserted. 

As the working sheadi is firmly held against the 
annulus, a needle testing is conducted. The inser- 
tion of a sharp needle into the annulus by walking 
inside the open end of the sheath is helpfid in 
centering the sheafli on the annular fibers prior to 
the use of the cutting instruments. This test is also 
used to differentiate between the radicular pain 
which is generated by increased intradiscal 
pressure due so compression of the annulus by the 
instrumeniis and the nerve root entrapment. When 
the spinal nerve is not in the path of the inserted 
sheath the sharp point of the 20-gauge needle 
penetrates the annulus with no major pain or 
difficulty. However, the needling of Ae spinal 
nerve -is extremely painfulv We have used the 
discoscope for visualization and inspection of flic 
annulus prior to the use of circular cutting instra- 
ments and entry to the disc space. The armulus 
usuaUy has a smooth reddish surface (Fig. 32 A). 
At times small branches of the lumbar vein cros- 
sing the annulus at the sight of the intended fenest- 
ration is seen (Fig. 6-32 B). Slight bleeding pro- 
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6-31 (A) Proper position of the trocar on the annutiis in 
the lateral projection! (B) The correct position of th^ trocar 
on the annulus in the AF projection. The tip of the trocar is 



in alignrnent with a line drawn between the rnidpartpf the 
pedide of the proximal and dist^r segments. 


duced by the severance of the annulus should be of 
no concern. The bleeding is usually conttpUed by 
the engagement of the distal end of the working 
sheath into the annular fibers by firm rotary and 
downward pressure for a distance of 2 or 3 nun. 
Occasionally s thin layei of fatty tissue obstructs 
the proper inspection of the annulus (Fig. 6-32C). 
In this case a moist cottonoid is used, and the 
adipose tissue is rubbed off the annular surface, 
thus allowing its visualization. Although it is not 
recommended, one can visualize the spinal nerve 
by tilting the cannula slightly cephalad and an- 
teriorly (Fig. 6-32 D) 

The superficial layer oiF the annulus and the 
lateral expansion of the posterior longitudinalJiga- 
ment contain sensory nerve fibers (Chapter 2). 
Prior to fenestration of the annulus the systemic 
use of analgesics by the anesthesiologist may be 
deemed necessary. The infiltration of the annular 


fibers with local anesthetics in a young indi- 
vidual is usually difficult. However, a forceful 
injection of less than 0.5 cc of Xylocaine solu- 
tion into the annular fibers followed by the with- 
drawal of tlie needle may result in subsequent 
leakage of tlif injected solution into the surface 
of the annulus, thus providing topical anesflie-sia. 
At times the placement of a cottonoid, which has 
been saturated in Xylocaine solution, on the an- 
nulus will provide adequately needed topical 
anesthesia. 

The fenestration of the annulus is accon^lished 
first with the smaUer circular cutting instnunent 
which is followed with the introduction of the 
larger cutter Since the wotking sheath is resting 
on the annulus, it does not pennit the cutting 
instruments to penetrate the disc space more than 
2 cm. This represents a safety feature provided by 
the design in order to avoid deep penetration of the 
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6-32 (A) Normal appearance of the annulus in disco- 
scopic examination. (B) A superficial vsin is noted cross- 
cutting instniments. This measure prevents seri- 
ous bowl or vascular injuries. The cutting instru- 
ments may be left in position as a guide when the 
voridng sheath is advanced with firm rotary 
movement and is engaged into the annulus for a 
distance not more than 2 or 3 mm. This prevents 

periaMular migratiott-of:the working-^^^ 
ing evacuation. 


ing ttie annulus. (C) Loose fatty tissue covering ttie an- 
""'"8. YDJI Arthroscopic view of the spinal niBrve. 


- FoHowiag the reniovatof die eiicular cutto- die 
surgeon must hold die working sheadi widi one 
hand while using die opposite hand for die intro- 
duction of die instruments and die removal of disc 
fragments. The surgeon should make a mental 
note of die numerical markers on die outer surface 
ofthe-woriang-sheadi which indicates its depdi of 
penetration. Aldiough die central migration of die 
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B , . _ , 

6-33 (A) and (B) The correct position of the forceps in 
the posterior haif of the disc space. 


sheath into the disc space is uncommon, it can 
cause complications by allowing deeper access 
into the intervertebral disc. If there is any doubt 
whatsoever, the relation of the inserted instru- 
ments with the disc space should be reviewed 
radiographically. 

When the instruments are properly positioned 
in the lateral projectionVthe forceps are seen in the 
posterior half of the disc space (Fig. 6-33). While 
in die AP view, the instrument is centrally located. 
It should be noted that most of the offending 
nuclear material is located adjacent to the tip of the 
inserted sheath rather than in the center of the disc 
space. The straight and curved forceps are intro- 
duced, and the disc material adjacent to the open 
end of the working sheath toward the sight of the 
herniation is grasped and evacuated* This is fol- 
lowed by the removal of the remainder of the 
nucleus from the center and the posterior half of 
the disc. Evacuation of the anterior pan of the 
nuclear material may not be necessary. If deeper 
access into the intervertebral disc is desirable 
following the flouroscopic evaluation the woridng 
sheath is further advanced into the annulus, and 
further evacuation is accomplished. 

The power-driven instruments (Fig. 6-34) are 
extremely useful for the extraction of the nuclear 
material from the center of the intervertebral disc. 
However, it does not allow access to interannulai 
or subligamentous fragments, and the use of man- 
ual instruments b^onaes mandiatory. The high 
level of negative pressure is introduced into Ae 
center of the disc intermittently using a suction 
pump. This step is followed with further evacuar 
don as described above. The working sheadi is 
engaged and advanced into the annular fibers for 2 
distance of not mort than 2 or 3 nun, prior to the 
introduction of discoscope, powered nuclear resec- 
tors and high negative pressure. This simple man- 
euver establishes a closed suction irrigation sys- 
tem. It is designed to protect die periannular struc- 
turesAvhiie a high negative pressure is introduced or 
when the powered instruments are being used. 

The deflector tube and flexible forceps not only 
allow access to. the posterior half of the interver- 
tebral disc but they are also useful tools for obtain- 
ing access to the LS-Sl disc space. 

The adequacy~df the evacuatiDn*x)f the nuclear 
material from die posterior part of the intcrverte- 
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6^ The powered instrument is shown Inside the work- 
ing sheath and the drop-lock attachment during the 
surgery. 




S-ZS (A) Cottonball appearance of ttie nucleus in a 22- 
year-old male. fS} PartiaJ resectioniifS^^^ H 
punch forcep Is sho%vn. 


6^ A free collagenized nucleus fragment inskie the 
disc space as viewed with discoscope. 


bral disc is viewed periodically through the disco- 
scope. An attempt shodd be made to remove all of 
die nuclear material which is positibned behind the 
annulus adjacent to die herniation site. The an- 
nulus contains diick, coarse, and whitish fibers 
which make it distinguishable ftom the nucleus. In 
a younger individual die nucleus has a cottonball 
appearance. It is finn and pliable and is easily cut 
and removed by forceps or powered instruments 
(Rg. 6-35). In older intervertebral discs die col- 
lagenized nucleus nMy reiMin" attached or com- 
pletely detached as a free fragment (internal se- 
questration, Fig. 6^36)7 

With the aid of rotary-powered instruments, the 
site oi the annuJai lenestration is cleaned from the 
residue of the nuclear material and the debris. This 
will ensure the continuous decompression follow- 
ing die termination of diis operative procedure 
(Fig. 6.37C). 

Wor to die termination of die procedure and die 
wididrawal of the woridng sheadi a final inspec- 
tion widi die aid of die discoscope is earned out. 
One should make certain that an adequate cavity or 
corridor has been created behind die posterior 
annulus (Fig. 6-37A and B), and die internal 
-seraiattaehed-or-Ioose collagenized fragments 
have been removed. 
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Access WES-Sl Ijitervertebfal'Disc pelvis to the opposite side of the entiy point ftntiier 

~ facilitates access to I^-Sl intevertetnral disc. 

^ The proper positioning of the patient by-keeping JVhen the iliac-spine is rather prominent and die 

the lumbar spine in completely flat or in slight angle between the medial extremity of the iliac 
flexion is essential. The weight of the lower ex- crest and die proximal plate of the first sacral 
tremitics may be used for traction.by keeping the jscgment is acute, one.may have no alternative but 
patient's flexed knees free and away from the bent to select a point of entry closer to die midline to 
surface of the operating room table. While, the bypass the iliac crest and gain access to the inter- 
patient is on the adjustable flexion frame on the -vertebral disc. — 

operating table in prone position » a slight tilt of the Following the positioning of the working sheath 
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6-38 (A) AP, e-arm view shbwing the approach to L5-S1 
jntervertebral disc. The deflector tube allows the deflec- 
tion of the inserted flexitjle forceps and fascilltates its entry 


a«d_^acuation of the disc material at the L5-S1 level 
fS; The lateral prdjection of Figure 38 A. 


m the routine fashion; th"e"fen«tra"tion "of the 
annulus is accomplished with the circular cutter. 
However, when tlie iliac crest is unusually high, 
which necessitates a rather vertical introduction of 
the instruments, one should not attempt the full 
insertion of the cutting instrument. In this case the 
blades may penetrate the proximal plate of the first 
sacral segment, thus causing undue bleeding. 

Following the fenestration of the annulus while 
the woricing sheath is held firmly against it, the 
disc material adjacent to the open end of the 
wSrking sheath is grasped with the manual instni- 
ments and evacuated. At this time the cannulated 
troc a r is r emtroduce d into th e-weriang-sheath 
entering the disc space. The trocar is used as a 


guide, arid the sheath is further advanced into the 
annulus with firm rotary movement. Usually the 
sturdiness ol ij-je instruments allows a slight' sep- 
aration and tilt between the vertebral plates of L5 
and the first sacral segment when they are forced 
into the disc space. This step is followed by 
reintroduction of manual and power-driven instra- 

- ments foriurtiier evacuation of die~disc inatoial. 
The deflector tube provides f\irther access to fbt 
L5-S1 disc space. As the lower extremity of the 
deflector tube resls bin tRe prouiiaal plate of the 
first sacral segment it allows 40 ' of angulation of 
the inserted flexible fo rceps and fascilitates its 

-entry-mto the center of the L3>S1 intovertebial 
disc (Fig. 6-38). 
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Postoperative Management 

The procedure is performed either on an outpatient 
basis, or patients may be hospitalized overnight 
for observation and administration of systemic 
antibiotics. Following the surgery, all patients are 
transferred to the;, recovery room where they are 
kept under close observation. Their neurological 
status and vital signs are evaluated and recorded. 
Special attention is given to any expression of 
abdoininal or excess flank pain. The presence or 
absence of abdominal tenderness and rigidity are 
recorded. The patients are permitted to become 
ambulatory as soon as they have sufficiently reco- 
vered from the influence of anesthetics. They are 
instructed to avoid prolonged sitting for one week. 
Heavy lifting, constant bending, climbing, and 
crawling are discouraged during the ciiariy post- 
operative weeks. Mild analgesics for pain relief 
are provided. - 

Patients usually receive 1 mg of cephalosporin 
intravenously prior to the sugery. This is followed 
by two additional doses given at eight-hour inter- 
vals. When patients are allergic to penicillin de- 
rivatives, 600 mg of Cleocin is administered in- 
travenously at eight-hojur. intervals as described 
above. To safeguard against postoperative bleed- 
ing the aspirin derivatives and nonsteroidal antiin- 
flammatory medications are not prescribed during 
the first three to four days of the postoperative 
period. 

OfUy walking exerciseislife encoura^^ 
the first week of the postopertive stage. The pa- 
tients are usu'ally evaluated six or seven days 
following their discharge from the hospital. At this 
time theij neurological status, the presence oi 
absence of tension signs, and tiie degree of subjec- 
tive improvement as conveyed by the patient is 
assessed and recorded., If the patient still demon- 
strates pain or residual evidence of root irritation 
he is instructed to continue with the use of antiui- 
flammatory medications forlS additional week or 
two ."During this visit tiie important role of exer- 
cises for overall recovery and rehabilitation is 
further s&essed. The exercise programs are di- 
rected toward strengthening of the abdominal and 
para spinal muscles as well as^oyerall general fit- 
ness of the individual. Approximately seven days 
following the surgery if the patient has access to a 


swimming pool, swimming exercises would be of 
great benefit. It has been our experience that the 
services of a zealous trainer with a high perform^- 
aiice expectation during the early postoperative 
stages is not necessary and at times can be counter- 
productive. If it is at all possible, the exercise 
program should be arranged and tailored as such to 
be pleasant and joyful for the patient ratfier tihan 
being a chore and act of labor. 

When the sciatic pain persists postopertiyely 
and tension signs remain positive for a period of 
six weeks after the posterolateral decompression 
and discectomy, further salvage procedures such 
as* laminectomy or microlumbar discectomy 
should be contemplated. Certainly if the neurolog- 
ical status of the patient is worsening an earlier 
definitive surgical intervention becomes neces- 
sary. 

It is not unusual to witness the persistence of all 
or part of the preoperative symptoms following tiie 
percutaneous lumbar discectomy. One should re- 
sist the temptation of exposing the patient to an 
early salvage procedure. Invariably with patience, 
further use of antiinflanunatory medications, and a 
propei* exercise program, the remainder of the 
symptoms will have a tendency to cease. 


Posto perative Ima^g 

A routine postoperative CT or MR imaging is 
costiy and unnecessary. However, in order to 
study the changes in appearance of the contour and 
shape of the annulus after both routine discectomy 
following the laminectomy and percutaneous lum- 
bar discectomy we have performed a number of 
postoperative CT smdies. It was interesting to note 
that there was no significant change in the shape or 
size of the annulus of the intervertebral discs with a 
broad base herniation or annular bulge following 
eiflierthe iMunectomy;^ the PUD 

procedure. 

The cessation or reduction in the intensity of 
pain in this group of patients may be related to the - 
reduction of hydrostatic pressure of the interver- 
tebral disc and ultimate reduction of the size of die 
"^ofrusion under external forces and work envi- 
ronment. A similar phenomenon has been ob- 


94 


served and reported following chemonuc- 
leotherapy. 

In contrast, when localized herniation with a 
sudden and abrupt change in the contour of the 
annulus was present the postoperative CT ap- 
pearances in all of the laminectomy discectomy 
group and some of the percutaneous lumbar dis- 
cectomy patients were quite apparent. 


Potential Complications 

TTie incidence of complications has been insig- 
nificant. In skilled hands the fear of causing neural 
injury in the course of this operative procedure 
seems to be unfounded. Although greater care 
should be exercised when attempting the L5-SI 
disc extraction, orje shpuld not have difficulty in 
performing percutaneous discectomy in most in- 
stances at this levcL Since the instruments do not 
penetrate the disc more than 2 cm the chance of 
rupturing the anterior annulus and thus entering 
the abdominal cavity and causing injury to the iliac 
arteries and veins is slim. 

The adherence to a strict sterile technique and 
the use of prophylactic antibiotics should reduce 
the risk of infection. Certainly, there does exist the 
possibility of extrusion of the nuclear fragments 
through the annular opening outside of the 
foramina. The site of the annular opening is co- 
vered with the fibers of the psoas muscles (Fig. 6- 
18). There appears to be adequate uncontained 
space at this region which can acconwnodate these 
fragments. 

The surgeon must make certain that the instru- 
ments are inserted into the correct level as pre- 
determined by the imaging studies. One must have 
access to adequate lateral x-ray imaging. The 
sacrum is visualized, and the surgical level is 
chosen c^^ from sacrum cephalad. If the 
patient is obese, it may become necessary to 
cjcpQse^aJateral x^ray film to ensure that the conect 
disc space has been selected. 

The psoas hematoma is Jisually caused by 
bleedmg from the muscle layers, periannual veins, 
or when part of the vertebral plate or osteophytes 
has been severed by the circular cutting instru- 
ments. T3iese4)atients-ma^ 
the groin and anterior thigh region (24). These 


V 4 wols.i^/laiwlal i l.a^ ttiiu iA:cumpression 

symptoms usually subside with rest and supportive 
therapy. The infiltration of the muscle layers with 
Xylocaine-containing epinephrine solution and 
the occasional use of a-hemovac has leduced the 
incidence of this complication. 

Although the recovery from the neurological 
deficit due to infiltration of local anesthetics 
around the spinal nerve is eminent, the periannular 
area should not be injected by Xylocaine solution 
during the course of percutaneous lumbar discec- 
tomy. Furthermore, when the spinal nerve is anes- 
thetized, the patient will * not respond to pain 
stimuli, and there would be a greater chance of 
neural injury by the inserted instniments. 

When the needle and the subsequent instru- 
ments are properly inserted into the triangular 
working zone under local anesthesia, the chance of 
injury to the spinal nerve is remote. The needfe'" 
testing and discoscopic visualization of the an- 
nulus^ which was described in the previous pages, 
will ensure the absence of spinal nerve entrap- 
ment. The iliac arteries and veins arc aikeriorly 
located, and the chance of injury to these struc- 
tures is unlikely. TTie vertical insertion of the 18^ 
gauge needle and the subsequent instruments with- 
out adequate flouroscopic control is daiigerdus^kiid 
should not be attempted. ' 

When the instruments are introduced through a 
fai lateral approach (7) (Fig. 6-39), they may 
penetrate the abdominal cavity, thus causing vis- 
ceral injuries. The site of the entry may be prc- 



6-39 (A) Incorrect vertical introducBon of the needle. (B) 
Corre ct p osition of the needle within the boundary of the 
muscle fibers. (C) IriMnict horizontal and far lateral 
introduction of the needle. 
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Ml (A) and (B) The preoperative CT, R. W.. a 22-year- 
old male with 3 months history of tow baok pain and L5 
radiculopathy. (C) and (D) The postoperative CT demon- 


strates the reduction of the size of the bulge of the annulus 
and the evacuation of the subligamentous fragment mea- 
sured interoperatively 12x7x3 mm. 


determijied by a preoperative CT study. In ex- which makes Its subsequent retrieval more dif- 

_^?J5?*yj^<><^casionsaloopofthe^ ficull. 

posterior to the psoas muscle which may lay in the 

path of the inserted instruments. The preoperative 

CT scan-through the herniatidn site should be Results 

reviewed prior to the PLD procedure to prevent 

J^ch a complication. The incidence of failure Mowing posterolateral 

. The magnetic retrieval is part of the manual discectomy in our hands has been relatively low 

instrument set. In the case of instrument breakage When patients are properly selected, one can ex- 
is ^^yjgalge to use the magnetic retrieval for _pect^up_to-85-%-of satisfactoiy results foUawing 

extraction of die retamed piece. The attempt to "thfs procedure (25). The most common cause of 

grab and withdraw the broken instrument with failure has been the presence of lateral recess 

forceps may dislodge it into fibers of the annulus stenosis, sequestration, and improper positioning 
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of the instruments which lead to the extraction of 
the nuclear material from the anterior half of the 
intervertebral disc rather than the posterior or 
posterolateral comers. Proper instrument position- . 
ing in the triangular working zone is critical to 
achieve adequate extraction of the above offend^ 
ing nuclear material. 

The -percutaneous posterolateral discectomy 
should not be employed only for the treatment of 
small and insignificant herniations. Rather large 
disc herniations when proven to be contained may 
be decompressed and adequately evacuated with 
the aid of upbiting, flexible forceps and forced 
suction (Figs. 6-40 and 6-41). 

In recent years with the availability of CT and 
MR imaging surgeons have been diagnosing and 
treating more patients with foraminal and ex- 
traforaminal disc herniations. The evacuation,and^ 
decompression of the latter through a working 
sheath inserted just outside of the foramina are 
accomplished with relative ease and safety (Fig. 6- 

42). ■ : y- - 



6-42 interoperative CT showing the Inserted instmmei 
entering the hemlatk)n site. 
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